Generally, there is a need for short questionnaires to estimate diet quality in the Netherlands. We developed a thirty-four-item FFQthe Dutch Healthy Diet FFQ (DHD-FFQ)to estimate adherence to the most recent Dutch guidelines for a healthy diet of 2006 using the DHD-index. The objectives of the present study were to evaluate the DHD-index derived from the DHD-FFQ by comparing it with the index based on a reference method and to examine associations with participant characteristics, nutrient intakes and levels of cardiometabolic risk factors. Data of 1235 Dutch men and women, aged between 20 and 70 years, participating in the Nutrition Questionnaires plus study were used. The DHD-index was calculated from the DHD-FFQ and from a reference method consisting of a 180-item FFQ combined with a 24-h urinary Na excretion value. Ranking was studied using Spearman's correlations, and absolute agreement was studied using a Bland-Altman plot. Nutrient intakes derived from the 180-item FFQ were studied according to quintiles of the DHD-index using DHD-FFQ data. The correlation between the DHD-index derived from the DHD-FFQ and the reference method was 0·56 (95 % CI 0·52, 0·60). The Bland-Altman plot showed a small mean overestimation of the DHD-index derived from the DHD-FFQ compared with the reference method. The DHD-index score was in the favourable direction associated with most macronutrient and micronutrient intakes when adjusted for energy intake. No associations between the DHD-index score and cardiometabolic risk factors were observed. In conclusion, the DHD-index derived from the DHD-FFQ was considered acceptable in ranking but relatively poor in individual assessment of diet quality.
Nutrition is an important risk factor in the development of chronic diseases such as CVD, diabetes and several cancers (1) . To decrease the risk of chronic diseases, dietary guidelines were developed based on scientific evidence (2) . When developing public health interventions or health education programmes, it is important to monitor the adherence to dietary guidelines. Moreover, monitoring adherence to dietary guidelines can also be useful for identification of individuals with a low diet quality in clinical settings such as the general practitioner's practice.
Recently, the Dutch Healthy Diet index (DHD-index) was developed that comprises ten components representing the current ten quantitative Dutch guidelines for a healthy diet of 2006 on physical activity, vegetables, fruit, dietary fibre, fish, consumption occasions with acidic drinks and foods, SFA, trans-fatty acids (TFA), Na and alcohol (2, 3) . As the DHD-index score was in the favourable direction associated with several micronutrient intakes, and biomarkers of dietary intake (3, 4) , it was considered a useful tool to assess diet quality in the Dutch population. Calculation of the DHD-index requires data on dietary intake, for instance, assessed by multiple 24-h recalls, food diaries or a FFQ. Unfortunately, these dietary assessment methods are time consuming, and therefore less likely to be used in everyday clinical and public health practice. In these situations, there is a need for a method that quickly assesses the diet quality of individuals (5) . To date, short food questionnaires have been developed for the Mediterranean diet (6, 7) , for the American diet (8) and the Dietary Approaches to Stop Hypertension diet (9) . However, no fast method to assess diet quality according to the Dutch dietary guidelines was available. Therefore, we developed a screener, entitled the DHD-FFQ, to estimate the DHD-index score for ranking individuals based on their diet quality.
The objective of the present study was to evaluate the DHD-index derived from the DHD-FFQ. For this, we examined correlations and the absolute agreement between the DHD-index and its components based on the DHD-FFQ compared with those based on a reference method. The reference method consisted of a full-length FFQ combined with a 24-h urinary Na value. Correlation coefficients of 0·4 or higher were previously considered acceptable (6, 8, 10) , in studies comparing screeners with a 137-item FFQ or multiple 24-h recalls. Second, we examined associations of the DHD-index based on the DHD-FFQ with participants' characteristics and energy and nutrient intakes derived from the full-length FFQ. Finally, we compared the associations between cardiometabolic risk factors and the DHD-index score derived from the DHD-FFQ with the score derived from the reference method.
Methods

Study population and design
The Nutrition Questionnaires plus (NQplus) study is a 3-year observational study in the general Dutch population. It was designed for multiple aims: to validate a newly developed FFQ, to start a reference database for nutrition research and to study associations between diet and intermediate health outcomes. Between May 2011 and December 2013, recruitment was carried out by sending letters and emails to randomly selected inhabitants of Wageningen, Renkum, Ede, Arnhem and to all households in Veenendaal. Inclusion criteria for the study were as follows: aged between 20 and 70 years and able to speak and write Dutch. This study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving the participants were approved by the Medical Ethics Committee of Wageningen University. Written informed consent was obtained from all participants.
Baseline measurements consisted of dietary assessment (FFQ and 24-h recalls), physical measurements (e.g. height, weight, blood pressure), venepuncture, a 24-h urinalysis, general questionnaires (e.g. demographics, history of disease) and lifestyle questionnaires including questions about physical activity (Squash) (14) . Physical activity level was classified as adherent or non-adherent to the Dutch physical activity guideline of being moderately physically active for at least 5 d/week for 30 min (2) . Medication use was determined and classified according to the Anatomical Therapeutic Chemical (ATC) classification system.
For the present study, dietary data from the FFQ were used. Participants self-administered the DHD-FFQ and the full-length FFQ using the open source survey tool LimeSurvey TM (Lime-Survey Project Team/Carsten Schmitz, 2012). The 180-item FFQ was either administered 1 month after the start of the study (63 %) or in July-August 2013 (37 %). The DHD-FFQ was administered between June and October 2013. The FFQ were administered with at least 1 month in between (median range: 3·4 months, interquartile range: 11·9 months). Order of administration was dependent on progress within the NQplus study, resulting in 27 % of the participants filling out the DHD-FFQ before the 180-item FFQ.
Dietary assessment
Dutch Healthy Diet FFQ. The DHD-FFQ was developed using the Dutch FFQ-TOOL TM (15) using data of the Dutch National Food Consumption Survey (DNFCS) 2007-2010 (16) as reference. This tool was developed to generate and process FFQ using reproducible and standardised procedures based on the percentage absolute contribution and explained variance in nutrient intake (15) . The DHD-index components 'physical activity' and 'consumption occasions with acidic drinks and foods' cannot be assessed with most FFQ; therefore, we did not take these components into account during development of the DHD-FFQ. The food items that contributed most to the level of the following nutrient intakes were selected: dietary fibre, SFA, TFA and Na. This procedure of selecting food items based on their percentage contribution to the absolute nutrient intake in a reference population was suggested by Block et al. (17, 18) and refers to the first MOMent (MOM1) of the intake of a nutrient (19) . In addition, the food items representing the food groups vegetables, fruit, fish and alcohol were included. Furthermore, Na intake was separated into two parts: Na intake from foods and discretionary salt; thus, two questions on discretionary Na were included to estimate the frequency of salt or Na-rich products (i.e. soya sauce and soup flavouring) added during cooking and at the table. This resulted in a list of thirty-four food items, which together accounted for 73 % of total dietary fibre intake, 70 % of total SFA intake, 81 % of total TFA intake and 73 % of total Na from food intake within the adult population of the DNFCS 2007-2010 (online Supplementary Table S1 ). The percentage between-person variability explained by the selected thirty-four food items, the so-called second MOMent (MOM2) of the nutrient intake distribution (19) , was 55 % for dietary fibre, 58 % for SFA, 47 % for TFA and 65 % for Na. In total, the DHD-FFQ comprises twenty-five questions, representing the thirty-four items, on intakes of bread, fruit, vegetables, potatoes, milk, cheese, meat, meat products, fish, cookies, pastries, crisps, soup, fats and oils, Asian foods, pizza, alcohol and added Na. The answer categories for the frequency questions ranged from 'never' to 'every day' offering six options. The reference period was the previous month. Portion sizes were assessed in standard portions, natural portions or commonly used household measures such as glasses or bowls. Nutrient content per food item was estimated by calculating a weighted average of the individual nutrient content of foods and drinks included in the food item using the 2011 Dutch Food Composition Table (20) and the consumption data from the DNFCS 2007-2010. These nutrient contents were subsequently multiplied with the portion sizes and the frequency of intake to estimate nutrient intakes. All food items were used to calculate the intakes of dietary fibre, SFA, TFA and Na. The face validity of questions and answer categories was evaluated in a research panel of 688 Dutch persons. On the basis of these results, questions were optimised. Mean time to complete the DHD-FFQ, estimated by the online survey tool, was 7·8 (SD 5·6) min in these 688 persons and was considered acceptable.
Full-length FFQ. The 180-item semi-quantitative FFQ was used to assess habitual dietary intake, and the reference period was the previous month. This FFQ was validated against actual energy intake to maintain body weight for energy intake (r 0·82) (11) , and validated against three 24-h recalls for SFA (r 0·44), TFA (r 0·42), vegetables (r 0·24), fruit (r 0·50), fish (r 0·37), alcoholic beverages (r 0·78) and dietary fibre (r 0·66) (13) . Answer categories for frequency questions ranged from 'never per month' to '6-7 d/week' offering seven options, and portion sizes were estimated using standard portions, natural portions and commonly used household measures. Nutrient content per food item was estimated by calculating a weighted average of the individual nutrient content of foods and drinks included in the food item using the 2011 Dutch Food Composition Table (16) and consumption data from the DNFCS 1998 (21) . These nutrient contents were multiplied with the portion sizes and the frequency of intake to estimate nutrient intakes.
24-h urinary sodium. Na intake was assessed using 24-h urine samplesthe gold standard method (22) . Para-aminobenzoic acid (PABA) was used to check for completeness of the urinary collections and measured using HPLC method (23) (laboratory Division of Human Nutrition, Wageningen University, The Netherlands). PABA is assumed to be excreted almost quantitatively within 24 h, and a urine sample with a recovery of at least 78 % (187 mg) of the 3 × 80 mg ingested PABA was considered a complete urine collection (23) . Nine urine samples with PABA recoveries <50 % were excluded from the data analyses. Recoveries between 50 and 78 % (n 121) were proportionally adjusted to the mean PABA recovery of 88 % using linear regression equations as suggested by others (24, 25) .
Urinary Na level was measured using an ion-selective electrode from a Roche/Hitachi 917 analyser (Roche) (22) at SHO in Velp, the Netherlands. Total 24-h Na excretion was calculated by multiplying total weight of collected urine by Na concentration. In addition, this was divided by 0·86, assuming that 86 % of Na intake is excreted via urine (26) .
Dutch Healthy Diet index
The scoring for the DHD-index has been described in detail elsewhere (3, 4) and has been summarised in Table 1 . In brief, for the components vegetables, fruit, dietary fibre and fish, no intake resulted in a component score of 0 points. Intakes equal to or above the cut-off values representing the dietary guidelines received the maximum of 10 points. For the components SFA, TFA, Na and alcohol, intakes below the cut-off values received the maximum of 10 points. A score of 0 points was assigned when intake was higher than the binge drinking threshold values for the alcohol component (27) or higher than the threshold values representing the 85th percentiles of the intakes of a Dutch reference population (16) for the components SFA, TFA and Na. Scores between 0 and 10 points were calculated proportionally, except for TFA that was scored dichotomously. The summed total score could range from 0 (no adherence) to 80 (complete adherence).
The Na component score derived from the full-length FFQ was based on a single 24-h Na excretion. Na excretions ≤2400 mg were assigned 10 points, and excretions exceeding 3600 mg were assigned 0 points.
As the DHD-FFQ was not designed to estimate total energy intake, the DHD-index scoring had to be slightly adapted for the components expressed in energy percentages when it was applied to the DHD-FFQ data. The cut-off and threshold values for the energy-dependent components dietary fibre, SFA and TFA were calculated using sex-specific average energy requirements (10·5 MJ for men and 8·4 MJ for women) (28) . These sex-specific average energy requirements and Na cut-off values were proportionally lowered, matching the percentage coverage of total energy intake as assessed by the DHD-FFQ (6·7 MJ for men and 5·4 MJ for women), to arrive at cut-off and threshold values that were appropriate for the estimated dietary intake assessed by the DHD-FFQ (Table 2 ). Furthermore, scores for Na intake were separated into two parts. The answers on discretionary Na contributed 3 points based on the assumption that about 30 % of total Na intake is from added salt (29, 30) . Na intake from foods contributed to the remaining 7 points. Finally, the fish component score was based on the frequency of lean or fatty fish intake instead of fish fatty acid intake.
Cardiometabolic risk factor assessment
Physical examination. All physical measurements were performed by trained research assistants following a standardised protocol. Height and waist circumference were measured to the nearest 0·5 cm using a stadiometer (SECA 213; SECA Corp.) Table 1 . Cut-off and threshold values for calculation of the Dutch Healthy Diet index component scores for the reference method and the DHD-FFQ Reference method* DHD-FFQ Minimum points (0) Maximum points (10) Minimum points (0) Maximum points (10)
TFA, trans-fatty acids. * Full-length FFQ combined with a 24-h urinary Na value. † Cut-off values were calculated with sex-specific average energy requirements × coverage of energy intake assessed by the DHD-FFQ (♂: 6·7 MJ, ♀: 5·4 MJ). ‡ Na from foods accounted for a maximum of 7 points, and discretionary Na for a maximum of 3 points. and a non-flexible tape, respectively. Participants' weight was measured to the nearest 0·1 kg on a digital scale while wearing light clothing without shoes (SECA 877 (SECA Corp.) or BC418MA (Tanita Corp.). After 10 min of rest, blood pressure (IntelliSense HEM-907; Omron Healthcare) was measured six times on the left arm with 2 min of rest in between the measurements. The first blood pressure measurement was discarded for validity reasons, and the remaining five blood pressure measurements were averaged.
Blood sampling and analyses. Participants underwent a venepuncture in the fasting state at the hospital in Ede or Velp, The Netherlands. Blood sample analyses were carried out in the accompanying hospital laboratories. Both laboratories joined an external quality control programme and used the same methodology and protocols for risk factor assessments. Total cholesterol, HDL-cholesterol and fasting TAG levels were determined with enzymatic methods (31) using a Siemens Dimension Vista 1500 automated analyser (Siemens) in Ede and a Hitachi Modular P800 Chemistry Analyser (Hitachi Group) in Velp. HbA1C was determined with HPLC measurement technology using an ADAMS A1c 8160 analyser (Siemens) at both locations.
Data analyses
Complete data from the 180-item FFQ, the DHD-FFQ and Na excretion were available for 1247 participants (Fig. 1 ). We excluded twelve participants who were pregnant or had a non-fasting blood sample, resulting in a total sample of 1235 participants. Mean and standard deviation scores of the DHD-index and its components calculated from the DHD-FFQ and the reference method are presented. Kendall's tau-b coefficients were calculated between scores derived from the reference method and from the DHD-FFQ to examine ranking of participants. Spearman's correlations are shown to allow comparison with previous studies. CI for these correlations were obtained using Fisher's Z-transformation. Agreement of the DHD-index score between the two methods was examined using a Bland-Altman plot (32) .
Participants' characteristics and energy, macronutrient and micronutrient intakes estimated from the full-length FFQ were examined according to quintiles of the DHD-index score derived from the DHD-FFQ. We adjusted macronutrient and micronutrient intakes for energy intake estimated from the full-length FFQ as well as for energy intake estimated from the DHD-FFQ. The rationale for adjustment for energy estimated from the DHD-FFQ was to study the ability of using energy intake as covariate for future use. Linear trends across the quintiles were examined using general linear models.
Furthermore, partial Spearman's correlations between the DHD-index and the cardiometabolic risk factors total cholesterol, HDL-cholesterol, TAG, HbA1C and systolic and diastolic blood pressures were examined adjusted for age, sex, smoking (never, former, current) and adherence to physical activity guidelines (yes/no). We additionally adjusted for BMI as a potential intermediate. Missing values for the covariates education level (n 11), smoking (n 86) and physical activity (n 90) were imputed for five times, and results were pooled using the MIANALYZE procedure in SAS. Participants using medication for diabetes mellitus, hypertension or dyslipidaemia (ATC codes: A10, C1-C9, C10) were excluded from the analyses when examining the association between diet quality and cardiometabolic risk factors (n 29, 180, 110, respectively). All the analyses were carried out using SAS statistical software version 9.3 (SAS Institute Inc.), and statistical significance was set at P < 0·05.
Results
The mean DHD-index score based on DHD-FFQ data was 57·6 (SD 9·6) out of a possible total score of 80 points, and was similar to the score using the reference method consisting of a full-length FFQ combined with a urinary Na value (mean 54·0 (SD 10·1); Table 2 ). The Kendall's tau-b coefficients between the two scores was 0·40 (95 % CI 0·37, 0·43). This correlation was similar when adjusting for order of occurrence or time between the 180-item FFQ and the DHD-FFQ (data not shown).When comparing the mean DHD-index component scores between the reference method and the DHD-FFQ, the smallest absolute difference was seen for the fibre component (8·2 v. 7·8 points) and the largest absolute difference was seen for the Na component (2·4 v. 6·3 points). The lowest tau-b coefficient was observed for the component TFA (0·09; 95 % CI −0·01, 0·19). For the components fibre, SFA and Na, tau-b correlations ranged between 0·2 and 0·4, whereas for the components vegetables, fruit, fish and alcohol the correlations were 0·4 and higher. Absolute agreement was studied using a Bland-Altman plot and accompanying limits of agreement (Fig. 2 ). The mean difference, the DHD-index based on the reference method minus the DHD-index based on the DHD-FFQ, was −3·6 points, and limits of agreement were −21·7 and 14·5 points. The DHD-index based on the DHD-FFQ showed an overestimation in the lower scores and an underestimation in the higher scores when compared with the DHD-index based on the reference method.
Positive associations were observed between the DHD-index derived from DHD-FFQ data and age (P for trend < 0·001), following a diet regimen (P for trend = 0·001), supplement use (P for trend < 0·01) and antihypertensive medication use (P for trend = 0·035; Table 3 ). Furthermore, participants in the higher quintiles were less likely to be men than those in the lower quintiles. For the participant characteristics BMI, smoking, education level, adherence to the physical activity guideline and use of lipid-modifying drugs and diabetic drugs, no association with the DHD-index was observed.
Intakes of energy, carbohydrates, protein, total fat and alcohol derived from the full-length FFQ were inversely associated with the DHD-index score based on DHD-FFQ, whereas dietary fibre intake was positively associated with the DHD-index score ( Table 4 ). When additionally adjusted for energy intake estimated from the full-length FFQ, the intake of total fat and alcohol remained inversely associated with the DHD-index, whereas the intake of carbohydrates and fibre became positively associated. Similar trends were observed when adjusted for energy intake estimated from the DHD-FFQ, except for carbohydrates, where the positive association disappeared.
Regarding the intakes of micronutrients, Ca, vitamin A, vitamin B 1 , vitamin B 2 and vitamin B 12 were inversely associated with the DHD-index score, whereas the micronutrients folate and vitamin C were positively associated and vitamin E was not associated (Table 5 ). When additionally adjusted for energy intake estimated from the full-length FFQ, the association with intakes of Ca and vitamin A disappeared, whereas all other micronutrients became positively associated across quintiles of the DHD-index score. Similar positive trends were observed for most micronutrients, when adjusted for energy intake estimated from the DHD-FFQ.
The DHD-index score derived from the reference method was inversely associated with fasting TAG (P < 0·01; online Supplementary Table S2 ) and HbA1C (P < 0·05) when adjusted for age, sex, smoking, physical activity level and energy intake. After additional adjustment for BMI, the associations disappeared. The DHD-index derived from the DHD-FFQ was borderline inversely associated with fasting TAG and HbA1C when adjusted for age, sex, smoking and physical activity (P < 0·10). After additional adjustment for BMI, the association with fasting TAG disappeared and the association with HbA1C remained similar (P = 0·10). The results were similar when excluding the participants with missing values for the covariates education, physical activity and smoking (results not shown). 
Discussion
In the present study, we evaluated the DHD-index derived from the DHD-FFQ and compared it with the DHD-index derived from a full-length FFQ combined with a 24-h urinary Na value. The DHD-FFQ is a screener and was designed to estimate diet quality in time-limited situations such as clinical or public health practice where full-length FFQ are impractical to use. We showed that the DHD-index derived from the DHD-FFQ was acceptably correlated with the DHD-index derived from the reference method. Absolute agreement, as studied by the Bland-Altman plot, showed a small mean overestimation and wide limits of agreement between the DHD-index score derived from the DHD-FFQ and the reference method. Furthermore, the DHD-index score derived from the DHD-FFQ was positively associated with age, frequency of antihypertensive drug use and most micronutrient intakes, and was inversely associated with energy intake, whereas fasting TAG and HbA1C were non-significantly weakly associated. We observed a Spearman's correlation of 0·57 (95 % CI 0·53, 0·60) between the DHD-index score based on the DHD-FFQ data and the reference method, which was considered acceptable when assuming a maximum achievable correlation ranging between 0·66 and 0·72. This maximum achievable strength of the correlation was based on the reproducibility of the DHD-index derived from a full-length FFQ after 1 year (r 0·69; 95 % CI 0·64, 0·74), the reproducibility of the 'Starting The Conversation' screener (r 0·66) (5) and the reproducibility of the 'Diet Quality Index Revised' (r 0·72) (33) . The observed correlation in the present study was comparable with that of Schröder et al. (6) who observed a Pearson correlation coefficient of 0·52 comparing compliance with the PREDIMED dietary intervention derived from the fourteen-item 'Mediterranean Diet Adherence' screener and a 137-item FFQ. In another study by Schröder et al. (10) , a Pearson correlation coefficient of 0·61 was observed comparing the 'Diet Quality Index' derived from the 'Short Diet Quality' screener and derived from ten 24-h recalls. Furthermore, a correlation of 0·40 was observed for the 'Modified Mediterranean Diet Score' derived from the 'Brief Mediterranean Diet Score' screener compared with the score derived from ten 24-h recalls (10) .
Absolute agreement using the Bland-Altman plot showed a small mean overestimation of the DHD-index score derived from the DHD-FFQ compared with the DHD-index score derived from the reference method. Diet quality estimated by the DHD-FFQ was therefore considered acceptable on a group level. The Bland-Altman plot showed, furthermore, relatively wide limits of agreement. More extensive dietary assessment methods may therefore be needed when using individual scores for follow-up activities such as dietary advice. Taking together the results from ranking and absolute agreement, it suggests that the DHD-index score based on DHD-FFQ data can be used for ranking of participants and identification of high-risk subpopulations according to their diet quality.
For the components dietary fibre, SFA and TFA, the correlations between the DHD-index score based on the DHD-FFQ data and the reference method were lower than the expected value of 0·4. These low correlations could be explained by the lower percentages of MOM2 (47-65 %) covered by the DHD-FFQ for these components compared with MOM2 (100 %) for fruit, vegetables, fish and alcohol. The full-length FFQ showed considerably higher MOM2 percentages for the nutrients dietary fibre, SFA and TFA (>97 %), meaning that the DHD-FFQ estimates about 25 % less variation of nutrient intakes compared with the full-length FFQ. Therefore, estimates for the component scores dietary fibre, SFA and TFA derived by the DHD-FFQ should be used carefully.
The component Na derived from the DHD-FFQ was compared with the score based on 24-h urinary Na value, and showed a low correlation of 0·24. It is known that estimating Na intake using a FFQ is challenging, which might explain the low correlation. However, our results might also be attenuated, because we included a single excretion and Na excretion is known to have a high within-person variability (34) . When comparing the Na component based on the full-length FFQ data with the Na component based on 24-h urinary excretion data, the correlation was as low as that for the DHD-FFQ data (0·20 v. 0·24). Furthermore, when comparing the Na component derived from the full-length FFQ with the Na component derived from the DHD-FFQ, the correlation was acceptable (0·64; 95 % CI 0·61, 0·68). These results suggest that the DHD-FFQ estimates Na intake with accuracy similar to that of the full-length FFQ and both showed only a moderate association with a single urinary Na excretion value. Conclusions on the Na component score, estimated either by DHD-FFQ or full-length FFQ, should therefore be drawn with caution.
The DHD-index derived from the DHD-FFQ was associated with sex, age, following a diet regimen, supplement use, smoking and antihypertensive medication use. The DHD-index scores based on a full-length FFQ and on two 24-h recalls showed similar associations with sex (3, 4, 35) , age (4, 35) , smoking (35) and following a diet regimen (3) in other Dutch populations. However, in these other populations, the DHD-index was also associated with higher education (35) , which was not seen in the present study. This discrepancy may be explained by the high percentage of highly educated participants (53·9 %) in the present study.
Intakes of most macronutrients and micronutrients showed associations with the DHD-index derived from the DHD-FFQ in the expected direction when we adjusted for energy intake estimated by either the full-length FFQ or the DHD-FFQ. Although the DHD-FFQ was not designed to estimate energy intake and the estimated energy intake coverage was low (64 %), the estimated energy intake was moderate-to-highly correlated with energy intake estimated by the full-length FFQ (r 0·60; 95 % CI 0·57, 0·64). Others found correlations ranging between 0·46 and 0·58 when comparing several FFQ with 24-h recalls or food records (36) . The present correlation shows a good ranking capacity, and therefore the energy intake estimate may be used as a covariate, making the DHD-FFQ useful for epidemiological research. The favourable associations of the DHD-index with nutrient intakes were also observed in the DNFCS 2003 using two 24-h recalls to calculate the DHD-index score (3) and in the European Food Consumption Validation study using a 180-item FFQ (4) . We also showed that the DHD-index derived from the DHD-FFQ was able to reflect associations with nutrient intakes in a favourable direction. The DHD-index derived from both the DHD-FFQ and the reference method showed weak inverse associations with fasting TAG and HbA1C. The weak and absent associations between diet quality and cardiometabolic risk factors could be partly due to the relative good health of our participants. Among participants with high risk for CHD, Schröder et al. (6) observed significant associations of HDL-cholesterol (β = 0·01), TAG (β = −0·005) and fasting glucose (β = −0·003) with adherence to the Mediterranean diet using a fourteen-item questionnaire. Associations between diet quality as assessed by a full-length FFQ or multiple recalls with cardiometabolic risk factors ranged between 0·02 and 0·13 and βs ranged between 0·00 and 0·44 across studies (37) .
We aimed to keep the calculation of the DHD-index components based on the DHD-FFQ as similar to the original calculation as possible; however, we had to make some adjustments. First, instead of lowering the cut-off values for the Na component by 30 %, as was done previously (3, 4) , we aimed to estimate discretionary Na by adding two questions on salt use during cooking and the use of salt or Na-rich products at the table that accounted for 3 points out of the maximum of 10 points. When excluding these questions from the Na component calculation, the correlation with the urinary Na component was similar (0·24 v. 0·25). These findings were supported by other studies, showing that questions on salt preference and discretionary salt poorly estimated Na intake (38, 39) . The reason why the additional questions on discretionary Na did not improve the correlation with the urinary Na component is unclear and needs further investigation. Second, the energy-dependent cut-off values for the components fibre, SFA and TFA were based on average energy requirements used in the Netherlands, because the DHD-FFQ was not designed to estimate energy intake. Furthermore, the cutoff values for the components fibre, SFA and TFA were lowered in accordance with the estimated percentage of coverage for the energy intake (64 %) assessed by the DHD-FFQ. Lowering the cut-off values was chosen because otherwise participants could not receive the maximum or minimum number of points as the DHD-FFQ did not assess the complete dietary intake. However, due to the likely individual deviations from the average energy intake requirements, misclassifications could have been introduced to the DHD-index scores.
A limitation of the present study may be the large proportion of the study population who were educated to a high level, meaning that the results of the usability of the DHD-FFQ may not be generalisable to populations with a lower educational level. Furthermore, all the participants were also involved in completing multiple 24-h recalls, which might have led to a training effect. Moreover, the web-based administration of the full-length FFQ and the DHD-FFQ was not validated, and disadvantages such as lower reliability and validity of data obtained have been suggested (40) . However, Beasley et al. (41) showed that web-based administration of FFQ produce similar results as paper-based administration. Furthermore, advantages such as restriction for the range of answer possibilities and obligatory questions were also mentioned (40) . The possible disadvantages and advantages might have affected both FFQ similarly, and thus it is unlikely that it affected our results.
Another limitation was the order of occurrence of the DHD-FFQ and the full-length FFQ, which was not evenly distributed. However, additional adjustments for order of occurrence and time between the two methods did not alter our correlation coefficients notably.
One of the strengths of the present study was the large study population used to evaluate the DHD-index derived from the DHD-FFQ. Furthermore, the reference method consisted of a 180-item FFQ, validated for energy, macronutrients and micronutrients (11, 13) .
In conclusion, the DHD-index score based on the DHD-FFQ was considered an acceptable screener to rank participants according to their diet quality and was associated with several participant characteristics and macronutrient and micronutrient intakes in the present study. The assessment of individual diet quality scores by the DHD-FFQ was relatively poor as was shown by the large limits of agreement.
